Although Chlamydia infections are widespread throughout the world, data about immunopathogenesis of genitourinary tract infections in males are very limited. In the present work we present an in vitro model of male genital tract-derived epithelial cells, more precisely prostate epithelial cells (PEC), to analyze if they are susceptible and able to respond to Chlamydia muridarum infection. Our results demonstrate that rat PEC are susceptible to C. muridarum infection and respond to this pathogen by up-regulating different proinflammatory cytokine and chemokine genes that could participate in the recruitment and local activation of immune cells, therefore influencing innate and adaptive immune responses during Chlamydia infection. Moreover, we analyzed the expression of Toll-like receptor 4 (TLR4), TLR2, and related molecules on PEC and the effect of C. muridarum infection on their expression. Our results demonstrate that PEC express significant levels of TLR4, CD14, TLR2, and the adaptor molecule MyD88 and up-regulate these proteins in response to C. muridarum infection. Indeed, TLR4, CD14, TLR2, and the adaptor MyD88 are specifically recruited to the vicinity of the bacterial inclusion, suggesting that these TLRs are actively engaged in signaling from this intracellular location in these cells. This is, to our knowledge, the first time that an in vitro model of infection with Chlamydia of male tract-derived epithelial cells has been achieved, and it provides the opportunity to determine how these cells respond and participate in modulating innate and adaptive immune response during Chlamydia infections.
Although Chlamydia infections are widespread throughout the world, data about immunopathogenesis of genitourinary tract infections in males are very limited. In the present work we present an in vitro model of male genital tract-derived epithelial cells, more precisely prostate epithelial cells (PEC), to analyze if they are susceptible and able to respond to Chlamydia muridarum infection. Our results demonstrate that rat PEC are susceptible to C. muridarum infection and respond to this pathogen by up-regulating different proinflammatory cytokine and chemokine genes that could participate in the recruitment and local activation of immune cells, therefore influencing innate and adaptive immune responses during Chlamydia infection. Moreover, we analyzed the expression of Toll-like receptor 4 (TLR4), TLR2, and related molecules on PEC and the effect of C. muridarum infection on their expression. Our results demonstrate that PEC express significant levels of TLR4, CD14, TLR2, and the adaptor molecule MyD88 and up-regulate these proteins in response to C. muridarum infection. Indeed, TLR4, CD14, TLR2, and the adaptor MyD88 are specifically recruited to the vicinity of the bacterial inclusion, suggesting that these TLRs are actively engaged in signaling from this intracellular location in these cells. This is, to our knowledge, the first time that an in vitro model of infection with Chlamydia of male tract-derived epithelial cells has been achieved, and it provides the opportunity to determine how these cells respond and participate in modulating innate and adaptive immune response during Chlamydia infections.
Genital Chlamydia trachomatis infection is the leading cause of bacterial sexually transmitted disease in industrialized countries, particularly among young people (43) . The consequences of Chlamydia infection may involve urethritis, cervicitis, epididymitis, prostatitis, pelvic inflammatory disease, neonatal conjunctivitis, neonatal pneumonitis, ectopic pregnancy, and tubal factor infertility (30) . Persistent infection of mucosal sites may contribute to the development of these chronic inflammatory diseases.
In women, progression of C. trachomatis infection into the upper reproductive tract causes significant inflammation and injury to the fallopian tubes, with enormous consequences for subsequent fertility (1, 30) . The pathophysiology underlying Chlamydia female infertility has been extensively studied using an experimental genital tract infection model in mice with Chlamydia muridarum, a murine pathogen closely related to C. trachomatis (3, 4, 6) . However, several aspects of the pathophysiology of the infection remain unclear. It is well accepted that specific Th1 cells are involved in the immunopathogenesis of the disease (4, 7, 24, 37) . Recently, a more dominant role in the pathophysiology of fallopian tube scarring (a major consequence of Chlamydia infection) has been attributed to the infected epithelial cells themselves. It has been postulated that the proinflammatory cytokines secreted by Chlamydia-infected epithelial cells and the persistence of the bacteria for long periods in the female tract could be the major responsible events for the fibrosis and scarring (44) . Indeed, oviduct, endometrial, and endocervical epithelial cells respond to the infection by Chlamydia with a plethora of cytokines (21, 36, 48) such as interleukin-1 (IL-1), IL-6, tumor necrosis factor alpha (TNF-␣), and granulocyte-macrophage colony-stimulating factor with this putative pathogenic role (21) .
On the other hand, although Chlamydia infections in males are widespread throughout the world, data on the immunopathogenesis of genitourinary tract infections in males are very limited. Among the more serious consequences of Chlamydia infections in males are urethritis and epididymitis that can very rarely result in abscess formation and infarction of the testicle (29, 46) . Chronic prostatitis, another syndrome that has been related to male infertility, has also been associated with Chlamydia infections (10, 25, 47) . Ascending Chlamydia infections have been thought to be an infective cause of prostatitis. Chronic prostatitis has been proved to cause scarring of the prostatic and ejaculatory ducts, resulting in low seminal volume with low fructose and alpha-glucosidase values and, consequently, severe alterations in sperm quality (9) . Taking into account that the diagnostic materials (expressed prostate secretion, urine post-prostate massage, prostate biopsy speci-mens from the gland, and ejaculate samples) have to go through the urethra, a definitive association of an infective agent and its prostate origin is limited by factors such as urethral contamination.
The main goal of this work was to determine if prostate epithelial cells (PEC) are susceptible to Chlamydia infection and, if so, if they can respond to infection by up-regulating proinflammatory mediators that could potentially turn these cells into dominant players in the pathophysiology of the disease. We demonstrate that PEC are susceptible to C. muridarum infection and that they respond by up-regulating different proinflammatory and chemokine genes that may influence innate and adaptive immune responses during Chlamydia infections. We also show that PEC express significant levels of Toll-like receptor 4 (TLR4), CD14, and TLR2 and that they up-regulate these receptors in response to C. muridarum infection.
pension were determined by titration on LLCMK2 cell monolayers, which were stained with an FITC-monoclonal antibody (MAb) against cLPS after 48 h of culture.
(ii) Infection protocol. Epithelial cells were seeded into 24-well plates at a density of 3 ϫ 10 5 cells/well. Monolayers were washed twice with Hanks balanced salt solution and infected with C. muridarum using a multiplicity of infection (MOI) of 0.15 to 15. The plates were spun at 1400 ϫ g for 60 min and placed at 5% CO 2 in air at 37°C for 2 h. After the incubation, the inoculum was washed twice with Hanks balanced salt solution and replaced by supplemented medium lacking gentamicin. Cultures were incubated at 37°C for up to 3 days. In some experiments, supernatants were removed at different times after infection to determine cumulative nitric oxide (NO).
Quantitation of C. muridarum infection and direct immunofluorescence. To determine the level of infection, monolayers of MAT-LU or PPEC cells were grown in 24-well tissue culture plates on sterile coverslips and subsequently infected at different MOIs as described above. Following incubation for 48 h, cells were fixed with methanol and stained with anti-cLPS monoclonal antibody, and the presence of inclusion bodies was measured by fluorescent microscopy. Intracellular staining of PPEC followed by flow cytometric analysis was performed on cells 48 h after the infection following the protocol described by Young et al. (49) . Briefly, cells were harvested by incubation with trypsin-EDTA (Sigma) for the intracellular staining; cells were then incubated with the antiChlamydia LPS monoclonal antibody or an appropriate isotype control in fluorescence-activated cell sorter wash buffer (5 mM EDTA, 0.1% sodium azide, and 1% bovine serum albumin in PBS) supplemented with 0.1% saponin for 30 min at 4°C. Cells were analyzed with a Cytoron Absolute (Ortho Diagnostic System, Raritan, NJ), and the data were subsequently analyzed using WinMDI software.
Quantitation of NO in culture supernatants. One day before infection, MAT-LU and PPEC cells were plated in 24-well plates (5 ϫ 10 5 cells/well). Cells were infected at different MOIs of C. muridarum for different time periods (24 to 72 h). After C. muridarum infection, production of nitrites was measured by using the Griess reagent. Briefly, Griess reagent was prepared by mixing equal volumes of sulfanylamide (1.5% in HCl) and N-(1-naphtyl) ethylenediamide dihydrochloride (0.13% in H 2 O). Griess reagent (200 l) was then mixed with 100 l of supernatant sample and incubated for 15 min in the dark. Absorbance was measured at 540 nm, and nitrite concentration was calculated using a calibration curve. Nitrite was not detectable in cell-free medium.
RT-PCR analysis. A standard reverse transcription-PCR (RT-PCR) assay was used in this study. Briefly, total RNA was isolated from MAT-LU cells or PPEC using Trizol reagent (Life Technologies) according to the manufacturer's protocol. Reverse transcription reactions were performed using 2 to 3 g of total mRNA in a 25-l mixture. Total RNA was first incubated with 0.5 g of oligo(dT) primer (Promega, Madison, WI) for 10 min at 65°C and allowed to stand at room temperature for 2 min. Samples were then incubated with a 1.25 mM concentration of each deoxynucleoside triphosphate (Promega, Madison, WI), 10 U of RNasin Inhibitor (Boehringer Mannheim), and 16 U of avian myeloblastosis virus reverse transcriptase (Promega, Madison, WI) for 1 h at 42°C in reverse transcriptase buffer. The cDNA obtained was subjected to PCR amplification using the following primers and PCR protocols described previously: rat ␤-actin (15), rat inducible nitrous oxide synthase (iNOS) (15), TNF-␣ (42), rat IL-1 (28), rat IL-6 (28), rat CCL2, rat CCL3, rat CCL4, rat CCL5, rat CXCL8, rat CXCL10, rat TLR4, rat CD14, rat TLR2 (15), and rat intercellular adhesion molecule (ICAM) (23) . The conditions were chosen so that none of the RNAs analyzed reached a plateau at the end of the amplification protocol (in most reactions, 30 cycles of amplification were used). The PCR products were visualized in 2% agarose gels with ethidium bromide staining.
To semiquantitate and compare cDNA levels, the gels were photographed, and the intensities of the bands were analyzed using Scion Image software. The relative band intensities in each reaction were normalized to the mean intensity of the ␤-actin band. Results are expressed as arbitrary units corresponding to the ratio of sample intensities to the ␤-actin band intensity.
Confocal microscopy. PPEC or MAT-LU cells were plated onto 12-mm circular coverslips in 24-well plates (5 ϫ 10 5 cells/well) and cultured overnight. The cells were then infected and incubated for different time periods. After that period, coverslips were washed twice in PBS and then fixed with 3% formaldehyde in PBS for 10 min at room temperature. Following fixation, coverslips were washed twice in PBS and cells then were permeabilized by treatment with 0.2% Triton X-100 in PBS for 10 min, washed three times with PBS, and blocked with PBS containing 1% bovine serum albumin plus Tween-20 (0.1%, vol/vol) (blocking buffer) for 1 h at room temperature in a humid chamber. Cells were then incubated for 3 h at 4°C with blocking buffer containing antibodies against cLPS-FITC primary antibodies and antibodies against TLR4, CD14, TLR2, TLR5, and MyD88; cells were then washed with PBS-Tween 20 (0.1%, vol/vol) To semiquantitate the levels of activation of NF-B, PPEC were plated onto 12-mm circular coverslips in 24-well plates (5 ϫ 10 5 cells/well), cultured overnight, and then exposed to C. muridarum using an MOI of 15 for 1 h. After that period, coverslips were washed twice in PBS, fixed with 3% formaldehyde, washed, and permeabilized as described above. Cells were then incubated for 3 h at 4°C with blocking buffer containing antibodies against the p65 subunit of NF-B. After that, PPEC were washed and then incubated with the corresponding secondary antibody and DAPI (4Ј,6Ј-diamidino-2-phenylindole). To semiquantitate the levels of activation of NF-B, coverslips were visualized on an LSM 510 confocal laser scanning microscope; 10 fields of each condition were then analyzed, and the percentage of cells that presented nuclear p65 staining was calculated as follows: (number of cells with NF-B p65 in the nucleus ϫ 100)/total number of cells.
Statistical analysis. Statistical analysis was performed using the LSD Fisher test and the InfoStat software (developed by Statistics Department, National University of Córdoba). Values of P of Ͻ0.05 were considered significant.
RESULTS

C. muridarum infects and replicates in prostate epithelial cells.
Although a significant number of reports associate chronic prostatitis with Chlamydia infection, very little is known about the capacity of C. muridarum to infect and replicate on PEC. Therefore, we analyzed if C. muridarum can also infect and replicate in a rat adenocarcinoma cell line with characteristics of prostate epithelial cells (MAT-LU) and in a PPEC line. The PPEC line, a nontransformed primary rat PEC line, was derived from rat prostate tissue in our laboratory, and as can be seen in Fig. 1a , more than 80% of the cells were positively stained for cytokeratin, retaining this marker after several passages. Infection of MAT-LU cells and PPEC resulted in the formation of inclusions, as detected by staining with an anti-Chlamydia antibody followed by fluorescence microscopy. By fluorescence, typical Chlamydia-containing inclusions were detected in MAT-LU cells (data not shown) and in PPEC (Fig. 1b) . The infection rates ranged from 20 to 30% for MAT-LU cells and 30 to 40% for PPEC at MOIs of 15:1.
We also used intracellular staining, followed by fluorescence-activated cell sorter analysis to visualize infection of cell lines with C. muridarum. As shown in Fig. 1c , when viable C. muridarum was used to infect PPEC, brightly stained populations of infected cells could be seen 48 h after infection. No staining was observed in mock-infected PPEC (Fig. 1c) . Infected cells did not stain when they were fixed only, indicating that C. muridarum was intracellular (data not shown).
To determine if C. muridarum could complete its biphasic developmental cycle, supernatants from infected PPEC were collected after 48 h and used to reinfect a highly susceptible epithelial cell line such as LLCMK2. The supernatants were able to infect LLCMK2 cells, demonstrating the presence of elementary bodies that can be transformed into metabolically active reticulate bodies that replicate and form inclusions in LLCMK2 cells (data not shown).
Rat PEC respond to Chlamydia infection by up-regulating proinflammatory mediators. Epithelial cells have been postulated to play a dominant role in the pathophysiology of the lesion observed in infected females owing to the number of proinflammatory cytokines secreted in response to infection (36) . Moreover, the plethora of inflammatory mediators produced may influence innate and adaptive immune responses during Chlamydia infections. In order to see if Chlamydia infection induces the same phenomenon in PEC, induction of chemoattractant and proinflammatory mediators was evaluated. PEC monolayers were infected with C. muridarum and cultured for up to 3 days to encompass at least one entire cycle of Chlamydia development. The initial studies focused on the production of NO in the supernatants of MAT-LU infected cells as a simple approach to begin unraveling the behavior of PEC upon C. muridarum infection. A significant NO production 48 and 72 h postinfection of MAT-LU cells was observed, with higher values for high doses of infection (Fig. 2a) . PPEC also secrete NO following infection, although the levels reached by infected PPEC were considerably lower than those achieved by infected MAT-LU cells (Fig. 2b) . C. muridarum infection of MAT-LU cells induced at least a threefold increase in the expression of iNOS-specific mRNA as early as 24 h poststimulation ( Fig. 2c and d) , suggesting that iNOS could be responsible, at least in part, for the levels of NO measured. When the expression of proinflammatory cytokines was evaluated at different times of infection, up-regulation of TNF-␣-, IL-1-␤-, and IL-6-specific mRNAs was observed as early as 3 h postinfection; this increase was sustained for at least 24 h (Fig. 3a) . The expression of ICAM-specific mRNA was also evaluated. Some basal expression of ICAM-specific mRNAs could be observed in nontreated cells. C. muridarum infection induced a 2.5-fold increase in its expression as early as 3 h after infection (Fig. 3a) , an increase that was sustained for 24 h.
We then investigated if our PPEC line could up-regulate the expression of different chemokine genes. As shown in Fig. 3b (Fig. 3b) ; this increase was unchanged for at least 24 h.
Taken together, these findings strongly demonstrate that PEC can respond to C. muridarum infection, secreting inflammatory mediators like NO and up-regulating the expression of proinflammatory and chemokine genes.
Rat PEC respond to C. muridarum infection by activating nuclear translocation of NF-B. The responsiveness of PPEC to C. muridarum infection shown above led us to examine the activation of the transcription factor NF-B. PPEC were cultured on coverslips and subjected to C. muridarum infection for various time periods; indirect immunofluorescence staining was performed for the p65 subunit of NF-B, and the nuclear localization of the transcription factor was analyzed by confocal microscopy. As shown in Fig. 4 , noninfected PPEC presented basal levels of nuclear localization of NF-B (approximately 20% of cells presented nuclear staining). In contrast, p65 nuclear translocation increased after 1 h of infection in about 50% of the cells. Thus, C. muridarum infection of PPEC induces NF-B activation, which explains the activation of numerous proinflammatory genes. Infected PEC recruit TLR4, CD14, TLR2, and the adaptor molecule MyD88 around the inclusion. Specific TLR recognition of cLPS does not have a consensus. Some reports have proposed that cLPS, like other forms of LPS, uses TLR4 for signaling in a CD14-dependent fashion, while others postulated TLR2 recognition (13, 34) . We have recently reported that MAT-LU cells do not express TLR4, CD14, and TLR2 at the cell surface but that they do express them intracellularly and that this intracellular localization does not impede cellular activation (15) . So, we wanted to investigate if PPEC express these proteins and if Chlamydia infection could change either the level of expression or the subcellular localization of these receptors. TLR4-and CD14-specific mRNAs were present in PPEC (Fig. 5a ) in a constitutive way. However, up-regulation of TLR4 and CD14 mRNAs levels was seen as early as 3 h after infection and continued increasing after 24 h (Fig. 5a ). To directly analyze the expression of TLR4 and CD14 by PPEC infected with C. muridarum, immunocytochemistry examination using confocal image analysis was performed. PPEC were stained for cLPS (to identify the infected cells) and for TLR4 and CD14 (Fig. 5b and c) . A diffuse cytoplasmic distribution of TLR4 protein with no specific pattern was apparent in noninfected PPEC. In contrast, infected PPEC, which showed large cytoplasmic inclusions, presented an increase in the expression of TLR4, especially around the inclusion bodies (Fig. 5b) . The same phenomenon was observed when MAT-LU cells were infected, showing again an increased expression of TLR4, especially around the inclusions (data not shown). When the expression of CD14 was analyzed, a similar pattern was observed, with an enhancement of its expression in infected PPEC and strong reactivity around the inclusions (Fig. 5c ).
Other reports have previously shown that Chlamydia infection also involved TLR2 activation (6) and that a number of known and hypothetical lipoproteins that would be potential TLR2 ligands are present in the Chlamydia genome. When expression of TLR2 was investigated in PPEC by confocal microscopy, a comparable event was observed, with a disseminated cytoplasmic pattern of staining in mock-infected PPEC and a marked redistribution around the inclusion in infected (Fig. 5d) . For the purpose of analyzing the expression of other TLRs not previously associated with Chlamydia, experiments exploring the expression of TLR5 on C. muridaruminfected PPEC were performed. The results showed a supranuclear distribution of TLR5 in mock-infected PPEC that was kept invariable upon chlamydial infection (Fig. 5e ). These results strengthen the hypothesis that the most involved TLRs in chlamydial infection (TLR4 and TLR2) are the main ones recruited to the vicinity of the inclusion. In order to evaluate if a signaling event triggered by the recognition of TLR4/TLR2 of putative components of the chlamydial inclusion (which culminates in NF-B translocation) also starts around the inclusion, we performed staining of MyD88 in infected and noninfected cells (Fig. 5f ). We could observe that the expression of MyD88 in infected cells was enriched at the periphery of the inclusion in a rim-like staining pattern indistinguishable from the intracellular staining of chlamydial inclusion membrane. Our data further demonstrate that TLR4, CD14, TLR2, and the adaptor MyD88 accumulate in the vicinity of the bacterial inclusion membrane during a productive infection with C. muridarum and suggest that TLR4 and TLR2 are actively engaged in signaling from this intracellular location in PEC.
DISCUSSION
Information currently available about the pathogenesis and immunity to C. trachomatis infection in males is scarce. Several reports regarding infection of the genital tract of female mice with C. muridarum have provided much-needed insights into the immunopathogenesis of the disease in females. Moreover, in vitro models of infection have added significant information about the contribution of particular cells to the pathogenic process (8, 21, 44) . In the present work, we sought to implement similar systems that could add information to our current limited knowledge of C. trachomatis infection in males. Our results show that rat PEC are susceptible to C. muridarum infection and respond to this pathogen by up-regulating different proinflammatory cytokine and chemokine genes. (32) demonstrated increased levels of IL-8 and specific Chlamydia antibodies in penile urethral swabs from males with PCRconfirmed C. trachomatis infection. When Wistar rats were inoculated in the vas deferens with Chlamydia psittaci, the pathogen was isolated from epididymis, testis, and prostate gland until 70 days after inoculation (20) . The prostate gland of the inoculated animals presented mild interstitial edema and mild mononuclear inflammation. Similarly, S. Pal et al. (31) demonstrated that inoculation of male mice in the meatus urethra with C. muridarum resulted in an infection of the genitourinary tract and a specific humoral and cellular response with gamma interferon (IFN-␥). It appears that the type of inflammatory infiltration found in urethra and urinary bladder depends on the kind of chemokines and cytokines up-regulated by infected epithelial cells of the male genital tract. RT-PCR analysis of mock-infected or C. muridarum-infected PEC. PPEC were infected at an MOI of 15 with C. muridarum as described in Materials and Methods. Total RNA was extracted at the indicated time after infection and analyzed by a qualitative RT-PCR. Confocal microscopy analysis of TLR4, CD14, TLR2, TLR5, and MyD88 expression on PPEC infected with C. muridarum. PPEC were grown in coverslips and infected with C. muridarum. Forty-eight hours postinfection cells were fixed, permeabilized, and stained using specific antibodies labeled with Alexa 546 or rhodamine. The appearance of chlamydia inclusions was revealed with FITC-labeled MAb specific for cLPS. Fluorescence micrographs of PPEC stained with TLR4-specific antibody (b), with CD14-specific antibody (c), with TLR2-specific antibody (d), and with TLR5-specific antibody. Nuclei were counterstained with DAPI (e) and with MyD88-specific antibody (f).
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Existent data regarding female tract epithelial cell cytokine and chemokine responses upon infection with C. trachomatis are contradictory. Indeed, the pattern of cytokines secreted seems to vary depending on whether epithelial tumor or nontumoral cell lines were used (8, 17, 21, 36) . This fact suggested that in vitro models based on epithelial tumor cell lines might not fully mimic the immunobiology of Chlamydia-infected epithelium. For this reason, in the present work we have used MAT-LU cells (a rat prostate epithelial tumor cell line) and rat primary cultured epithelial cells and found that both types of cells are susceptible to C. muridarum infection and respond in a similar way. MAT-LU cells respond to C. muridarum infection by secreting NO and up-regulating iNOS mRNA, findings that are in agreement with those reported in female tract epithelial cells in which NO production was involved in the mucosal defense against Chlamydia (38) . Infected PPEC also up-regulated proinflammatory cytokine and chemokine genes that have consequences on the recruitment of neutrophils, macrophages, monocytes, dendritic cells, natural killer cells, and T lymphocytes such as IL-8, MCP-1, MIP-1␣, RANTES, and IP-10 (11, 12). Moreover, it is an accepted fact that the host response to urogenital infections by C. trachomatis is dominated by IFN-␥, both in animal models and human infections (4, 7, 24, 37) . Our data suggest that Chlamydia-infected PEC could facilitate this IFN-␥ production through the upregulation of chemokines that preferentially recruit Th1 over Th2 lymphocytes, such as IP-10 (39).
The limited data about in vivo or in vitro male genital tract infections with Chlamydia do not allow us to determine whether our in vitro results are in agreement with what it is happening in Chlamydia-infected men. The major problem in studying Chlamydia infections in human individuals is the fact that most of them are asymptomatic, and for that reason, it is difficult to know if a patient is in the course of a primary infection, a reinfection, or a chronic one. This difficulty generates heterogeneous groups of patients enrolled for only positive Chlamydia detection in particular studies.
Data regarding the expression of TLRs on epithelial cells from the genital tract are mainly related to the female genitourinary tract (33, 40) . It has been shown that primary and immortalized epithelial cells derived from the ectocervix and endocervix express TLRs 1 to 6 but lack TLR4 (33), while a transformed human uterine epithelial cell line and primary uterine epithelial cells express TLRs 1 to 9, including TLR4 (14) . Similar results were shown for murine oviduct epithelial cell lines that also lack TLR4 (8) .
In the present report, we demonstrate that rat primary PEC constitutively express TLR4, CD14, TLR2, TLR5, and the adaptor molecule MyD88, making these cells able to respond to numerous known and hypothetical ligands present in C. muridarum. Indeed, after C. muridarum infection, TLR4-and CD14-specific mRNA up-regulation was seen. Moreover, infected PEC recruit TLR4, CD14, TLR2, and the adaptor molecule MyD88 around the inclusion bodies, suggesting that TLR4 and TLR2 are actively engaged in signaling from this intracellular location in prostate epithelial cells.
It is well known that Chlamydia is an intracellular bacterium which differs from other intracellular pathogens in its unique ability to form inclusions (41) . The subcellular localization of the chlamydial inclusion in the Golgi region was thought to provide an immunologically hidden site for the bacteria to evade immune detection. However, the active recruitment of TLR4, CD14, TLR2, and MyD88 around the intracellular chlamydial inclusion suggests that, in fact, this is not the case. Our results are in accordance with those reported by O'Connell et al. (27) using TLR4-and TLR2-transfected human cervical epithelial cell lines. They suggest that intracellular TLR2 could be responsible for the initiation of signal transduction events during infection with C. trachomatis (27) .
Chlamydia expresses a variety of antigens that could serve as potential TLR ligands. For example, cLPS has been extensively studied (35) and has been found to have low endotoxic activity (16) ; it is currently under discussion whether LPS signals through TLR4 or TLR2 (13, 34) . A second important Chlamydia antigen is the heat shock protein. Indeed, purified HSP60 preparations were able to activate the transcriptional factor NF-B (22), although it is still not clear if Chlamydia HSP60 could activate TLR2 and/or TLR4 (2, 5). The Chlamydia genome has also been shown to contain a number of known and hypothetical lipoproteins that would be potential TLR2 ligands. While a variety of Chlamydia antigens might be recognized by individual TLRs, the role of specific TLRs during a productive infection with live bacteria remains unclear. Remarkably, using TLR2 knockout (KO) and TLR4 KO mice in in vivo models of C. trachomatis female genital tract infection, Darville et al. (6) showed that TLR2 KO mice exhibited a significant reduction in oviduct and mesosalpinx pathology at late time points, while TLR4 KO mice responded to in vivo infection similarly to wild-type controls and developed similar pathology.
The lack of an experimental model and the limited access to specimens from the human genitourinary tract have hindered our understanding of the pathogenesis of C. trachomatis infections in males. The implementation and extensive analysis of in vitro and in vivo models of male genital infection will allow the characterization of the main features of acute and chronic stages of Chlamydia infection in males and the possible immune pathogenic mechanisms implicated in it. This is, to our knowledge, the first time that an in vitro model of infection of male tract-derived epithelial cells was achieved, and it should provide an opportunity to determine how epithelial cells from the male genitourinary tract respond and how they participate in influencing the innate and adaptive immune response of the host.
